Strain IK-1 T was isolated from decaying tissues of the shrub Wikstroemia oahuensis collected on O'ahu, Hawai'i. Cells were rods that stained Gram-negative. Gliding motility was not observed. The strain was oxidase-negative and catalase-positive. Zeaxanthin was the major carotenoid. Flexirubin-type pigments were not detected. The most abundant fatty acids in whole cells of IK-1 T grown on R2A were iso-C 15 : 0 and one or both of C 16 : 1 v7c and C 16 : 1 v6c. Based on comparisons of the nucleotide sequence of the 16S rRNA gene, the closest neighbouring type strains were Flavobacterium rivuli WB 3.3-2 T and Flavobacterium subsaxonicum WB 4.1-42 T , with which IK-1 T shares 93.84 and 93.67 % identity, respectively. The G+C content of the genomic DNA was 44.2 mol%. On the basis of distance from its nearest phylogenetic neighbours and phenotypic differences, the species Flavobacterium akiainvivens sp. nov. is proposed to accommodate strain IK-1 T (5ATCC BAA-2412 T 5CIP 110358 T ) as the type strain. The description of the genus Flavobacterium is emended to reflect the DNA G+C contents of Flavobacterium akiainvivens IK-1 T and other species of the genus Flavobacterium described since the original description of the genus.
As part of an investigation of microbial diversity in the endemic Hawaiian insect Drosophila craddockae Kaneshiro and Kambysellis 1999, we cultivated heterotrophic bacteria from Wikstroemia oahuensis, a flowering shrub also endemic to Hawai'i; D. craddockae deposits eggs only on decaying W. oahuensis. We describe here the characterization of a strain we isolated, IK-1 T , and propose that this strain represents the type strain of Flavobacterium akiainvivens sp. nov.
Fragments of decaying W. oahuensis wood were collected on the Lulumahu trail, O'ahu, Hawai'i (20 July 2011; 21 u 209 52.670 N 157 u 479 54.360 W, elevation~615-620 m) into a sterile 50 ml polypropylene tube. Within 24 h of collection, subsamples were transferred aseptically in the laboratory to 20 ml sterile distilled water and vortexed for 30 s. A 100 ml subsample of the suspended material was aseptically transferred to and spread on R2A agar for cultivation of aerobic heterotrophic bacteria. Plates incubated in darkness at 30 uC were inspected daily for growth of putative bacterial colonies. A colony designated IK-1 T that grew after 48 h was~1 mm in diameter, beige, convex, translucent, entire, smooth and shiny. Upon transfer to R2A, IK-1 T formed translucent, off-white, mucoid colonies, 2-3 mm in diameter after 48 h at 30 u C. Colony morphology and the nature of the colony margin were observed by light microscopy; margins of colonies grown on R2A, Anacker & Ordal's agar (AOA), AOA with 0.5 % tryptone (AOAE), trypticase soy agar (TSA), medium 101 (NCIMB) and CY (medium M67) (see Ali et al., 2009) were checked for evidence of gliding motility. Whether or not the strain was motile was also checked by phase-contrast microscopy (6400, 61000) in wet mounts of cultures in R2A broth, Anacker & Ordal's broth (AOB) and AOAE without agar (Bernardet et al., 2002) , and in hanging drops in sterile water from 48 h R2A cultures under a 6100 objective with oil immersion on a Zeiss stereomicroscope. Tolerance of NaCl was checked on R2A supplemented with 20 g NaCl l 21 and on marine agar 2216E (Difco).
Colonies from a 48 h culture on R2A at 30 u C were Gramstained, while cells grown for 20 h at 30 u C in nutrient broth were prepared for scanning electron microscopy (Donachie et al., 2002) . Capsule production was tested with Congo red. The presence of oxidase was checked with BBL oxidase reagent and Taxo N (6 % p-aminodimethylaniline monohydrochloride in paper discs) (Becton Dickinson) and catalase with 2 % (v/v) hydrogen peroxide. The capacity for microaerophilic growth on R2A was investigated in a candle jar at 30 u C (Gerhardt et al., 1981) . The strain's ability to grow anaerobically was assessed on R2A at 30 u C in a BBL GasPak jar with the GasPak Plus anaerobic system envelope with palladium catalyst. The maximum temperature for growth was determined by incubating fresh cultures on R2A at increasing increments of 1 u C until no growth was observed after an incubation period of 72 h.
DNA hydrolysis was investigated on BD DNase test agar with methyl green at 30 u C. Activities of amylase (on starch agar), lipase (spirit blue agar), caseinase (skimmed milk agar) and cellulase [cellulose agar, containing per litre: agar, 20 g; CM-cellulose, 10 g; KH 2 PO 4 , 1 g; (NH 4 ) 2 SO 4 , 0.5 g; L-asparagine, 0.5 g; KCl, 0.5 g; yeast extract, 0.5 g; MgSO 4 , 0.2 g; CaCl 2 , 0.1 g; pH 7.0] were determined after 48 h of incubation at 30 u C. Nitrate reduction was investigated in nitrate reduction broth. The strain's respiratory activity in the presence of sole carbon sources was assessed by reduction of tetrazolium chloride dye in the Biolog GN system after 24 h of incubation at 30 u C. Constitutive enzyme activities were determined in API ZYM (bioMérieux) after 6 h of incubation at 30 uC. Both Biolog GN and API ZYM were inoculated with cells suspended in sterile 0.5 % (w/v) NaCl in water. Fatty acid methyl esters from whole cells grown on R2A (24 h, 30 u C) were determined in a commercial lab (Sasser, 1997) .
The presence of flexirubin pigments in IK-1 T grown on R2A was examined with KOH after Bernardet et al. (2002) . Colonies of IK-1 T grown on R2A were also extracted for determination of chlorophyll and carotenoids in HPLCgrade acetone (4 u C, 24 h). Extracts were warmed to room temperature, vortexed and centrifuged for 5 min to remove cellular debris. Aliquots (1 ml) of the supernatant were combined with HPLC-grade water (0.3 ml) in opaque autosampler vials and injected (200 ml) onto a Varian 9012 HPLC system equipped with a Varian 9300 autosampler, a Timberline column heater (26 u C) and a Waters Spherisorb 5 mm ODS-2 analytical column (4.66250 mm) and corresponding guard cartridge (7.564.6 mm). Pigments were detected with a ThermoSeparation Products UV2000 detector (l 1 5436 nm, l 2 5450 nm). A ternary solvent system was used for pigment analysis: eluent A (methanol/0.5 M ammonium acetate, 80 : 20, v/v), eluent B (acetonitrile/water, 87.5 : 12.5, v/v) and eluent C (100 % ethyl acetate). Solvents A and B contained an additional 0.01 % 2,6-di-ter-butyl-p-cresol (0.01 % BHT, w/v; Sigma-Aldrich) to prevent conversion of chlorophyll a into chlorophyll a allomers. The linear gradient used for pigment separation was a modified version of that described by Wright et al. (1991) (Bidigare et al., 2005) . Eluent flow rate was maintained at 1.0 ml min 21 . Pigment peaks were identified by comparison of retention times with those of pure standards and extracts prepared from algal cultures of known pigment composition. Whole extracts of IK-1 T were scanned between 350 and 800 nm in a Beckman DU800 spectrophotometer.
A fragment of the 16S rRNA gene in IK-1 T was amplified by colony PCR with Pfu DNA polymerase and primers 27F and 1492R (Lane, 1991; Donachie et al., 2004) ; in a colony PCR, genomic DNA is not extracted from the culture prior to amplification, but a few micrograms of cells from ã 48 h colony grown on R2A were aseptically transferred to a PCR tube, whereupon PCR reagents were added. PCR products purified in a commercial kit were sequenced in a core facility at the University of Hawai'i. A consensus of manually edited and assembled sequences was compared with rRNA gene sequences in the public domain through a BLASTN search (Altschul et al., 1997) . The phylogenetic relationship of IK-1 T with selected type strains of the genus Flavobacterium was viewed in a maximum-likelihood phylogenetic tree based on 16S rRNA gene nucleotide sequences aligned using Muscle and Gblocks (Castresana, 2000; Edgar, 2004) and visualized in FigTree (http://tree. bio.ed.ac.uk/software/figtree/). The G+C content of genomic DNA in IK-1 T was determined in DNA extracted from~2 g wet weight of cells by the Identification Service of the Leibniz Institute DSMZ -German Collection of Microorganisms and Cell Cultures GmbH, according to Mesbah et al. (1989) .
Colonies of IK-1 T on R2A measured~2-3 mm in diameter after 48 h at 30 u C and were cream to off-white and translucent; colonies on CY and TSA were~2 mm in diameter and pale beige. Colonies on most media, and especially on R2A, appeared flat and mucoid. The strain grew on R2A containing 20 g NaCl l 21 , but did not grow on marine agar. Cells stained Gram-negative and were rods,~2 mm long and~0.4 mm wide (Fig. 1 ). Gliding motility was not observed, and cells in hanging drops did not appear to be motile. The Congo red test was difficult to conduct because the fluid consistency of the colonies resulted in their being washed from the agar when flooded with the dye. The culture was oxidase-negative and catalase-positive. IK-1 T grew microaerophilically but not anaerobically. The maximum temperature for growth was 35 u C; at this temperature, only pinprick colonies grew after 72 h of incubation. Neither DNA nor cellulose was hydrolysed. Amylase, lipase and caseinase were expressed. Nitrate was not reduced. A range of activities was detected in Biolog GN (Table 1) . In API ZYM, IK-1 T was the only strain among type strains of related species of the genus Flavobacterium that produced b-glucosidase (Table 2) . The most abundant fatty acids in whole cells of IK-1 T grown on R2A were iso-C 15 : 0 (27.0 %) and one or both of C 16 : 1 v7c and C 16 : 1 v6c (27.8 %) (Table 3) ; these values are among the highest reported when IK-1 T was compared with neighbouring strains belonging to the genus Flavobacterium (see Ali et al., 2009 ).
The KOH test for flexirubin-type pigments was negative, suggesting that such pigments are absent. The major pigment detected by HPLC in IK-1 T was zeaxanthin, an observation supported by the absorbance scan of the whole extract (Figs S1 and S2, available in IJSEM Online). While this analysis may not provide a complete profile of the pigments in IK-1 T , the methods applied are widely used to determine carotenoid and chlorophyll pigments in bacteria.
A maximum-likelihood phylogenetic tree based on 16S rRNA gene nucleotide sequences from IK-1 T and a number of type strains of the genus Flavobacterium, including the nearest type strains to IK-1 T in BLAST results, showed IK-1 T in a distinct group with only Flavobacterium subsaxonicum WB4.1-42 T and Flavobacterium rivuli WB3.3-2 T (Fig. 2) . Given that IK-1 T shares 93.67 and 93.84 % 16S rRNA gene nucleotide identity with the closest neighbouring type strains, F. subsaxonicum WB 4.1-42 T and F. rivuli WB 3.3-2 T , respectively, IK-1 T is sufficiently far in this respect from these strains to render DNA-DNA hybridization analysis unnecessary. Moreover, phylogenetic analysis, DNA G+C content and physiological data such as maximum growth temperature, production of b-glucosidase in API ZYM, the comparative abundance in this strain of iso-C 15 : 0 and iso-C 17 : 0 3-OH and the presence of iso-C 17 : 1 v9c and/or 10methyl C 16 : 0 (summed feature 9), which is not reported in related strains, plus the absence from IK-1 T of flexirubintype pigments, which are found in F. subsaxonicum WB4.1-42 T , demonstrate that strain IK-1 T represents a novel species in the genus Flavobacterium, for which we propose the name Flavobacterium akiainvivens sp. nov. (Table S1 ).
The current formal description of the genus Flavobacterium, based on 10 species, states that genomic DNA in all members contains 32-37 mol% G+C (Bernardet et al., 1996) . Since then, another 69 species of the genus Flavobacterium have been described in the International Journal of Systematic and Evolutionary Microbiology, three species have been described elsewhere (Lee et al., 2011) and descriptions of a further seven are in press (Table S2 ). The DNA G+C content has been determined in IK-1 T and all but two of the remaining 79 species of the genus Flavobacterium. Among the 77 species described since the genus description was emended and for which DNA G+C data are available, including IK-1 T , nine have DNA G+C contents ,32 mol%, while 21 species plus IK-1 T have DNA G+C contents of 37.2-52 mol%. Such data warrant formal emendation of the genus description to accommodate species whose DNA G+C content is outside the range in the current description of the genus.
Emended description of the genus Flavobacterium
Bergey et al. 1923 emend. Bernardet et al. 1996 The description is as given by Bernardet et al. (1996) with the following amendments. Cells are non-motile, or may be motile by gliding. Not all species decompose gelatin and casein. Cytochrome oxidase is not produced by all species, nor do all species produce acid from carbohydrates. The DNA G+C content is 30-52 mol%. The type species is Flavobacterium aquatile.
Description of Flavobacterium akiainvivens sp. nov.
Flavobacterium akiainvivens (a.ki.a.in.viv9ens. Hawaiian 'akia a local shrub; L. prep. in in; L. part. adj. vivens living; N.L. adj. akiainvivens living in or on 'akia, a Hawaiian endemic shrub, from which the type strain was isolated).
Colonies on R2A are~2-3 mm in diameter, cream to offwhite, translucent and mucoid. Does not grow on marine agar, but does grow on R2A containing 20 g NaCl l 21 . Cells stain Gram-negative and are rods, 0.462 mm. Gliding motility is absent. Oxidase-negative and catalase-positive and nitrate is not reduced. Neither DNA nor cellulose is hydrolysed. Amylase, lipase and caseinase are expressed. Grows aerobically and microaerophilically, but not anaerobically. Zeaxanthin is the major carotenoid. Flexirubin-type pigments are absent. b-Glucosidase is constitutively expressed (API ZYM). The predominant fatty acids in cells grown on R2A are iso-C 15 : 0 and iso-C 17 : 0 3-OH. iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 (summed feature 9) is present. Ali et al. (2009) . Numbers in columns refer to a semiquantitative assessment of activity, determined by comparing the colour in the reaction cupule with that in a control with no substrate, and the API ZYM manufacturer's colour chart, from no activity (0) to highest activity (5). Fig. 2 . Maximum-likelihood phylogenetic tree showing the position of strain IK-1 T among 23 type strains of the genus Flavobacterium. The 16S rRNA gene sequences of 23 type strains of the genus Flavobacterium and IK-1 T were aligned using Muscle, and poorly aligned sequence blocks were removed using Gblocks (Castresana, 2000; Edgar, 2004) . Phylogenetic analysis was then performed using RAxML, applying the GTR (general time reversible) model of nucleotide substitution and gamma model of rate heterogeneity with 100 bootstrap replicates (Stamatakis et al., 2005) . The tree was visualized using the FigTree program (http://tree.bio.ed.ac.uk/software/figtree/). Branch lengths indicate the expected number of substitutions per site, and bootstrap values are only shown if they are higher than 60 %.
